Previous studies from this laboratory have identified rat epididymal luminal fluid acid fl-D-galactosidase activity which also optimally hydrolyses a glycoprotein substrate at neutral pH [Skudlarek, Tulsiani and Orgebin-Crist (1992) Biochem. J. 286,[907][908][909][910][911][912][913][914]. We have now separated the luminal fluid ,f-D-galactosidase into two molecular forms by ion-exchange chromatography on a column of DE-52. The separated enzyme activities were purified to an apparent homogeneity by molecular-sieve chromatography followed by affinity chromatography on a column of immobilized p-nitrophenyl /?-D-thiogalactopyranoside. The purified forms, when resolved by SDS/PAGE under reducing conditions, showed apparent molecular masses of 84 and 97 kDa. Kinetic studies, including a pH-dependent substrate prefeFence and pH-dependent association/dissociation, disclosed no differences between these two forms. The two forms had identical N-terminal amino acid sequences. However, the 97 kDa form contained much more total carbohydrate and sialic acid than the 84 kDa form. The carbohydrate moieties in the two forms were assessed by comparing their size on SDS/PAGE before and after treatment with endo-enzymes. The removal of N-linked glycans by treatment with N-glycanase or endoglycosidase F generated de-N-glycosylated polypeptides ofan apparent molecular mass of 70 kDa, and indicated that the two forms contained varying amounts of asparagine (N)-linked high mannose/hybrid-type and biantennary complex-type oligosaccharides. This result and the fact that the two molecular forms had identical N-terminal amino acid sequences indicated that the two forms probably have identical or very similar polypeptides. The potential role of the enzyme in modification of sperm plasma membrane (PM) glycoproteins was examined by resolving caput sperm PM proteins (before and after treatment in vitro of the membranes with the purified fl-D-galactosidase) on SDS/PAGE, followed by staining with peanut agglutinin (PNA), a lectin which preferentially binds to Galfll,3GalNAc-linkages found in 0-linked glycoproteins. The evidence presented in this report has indicated that a PNA-positive glycoprotein of an apparent molecular mass of 135-150 kDa present on the caput (but not cauda) sperm PM is degalactosylated by the digestion in vitro of the membranes with purified luminal fluid /)-D-galactosidase. This result suggests a possible role for the epididymal luminal fluid fl-D-galactosidases.
INTRODUCTION
Spermatozoa released from the seminiferous tubules and proximal regions of the epididymis are unable to fertilize an egg. They acquire progressive motility and fertilizing ability during epididymal transit [1, 2] . The sperm plasma membrane (PM), a vital component in the early events offertilization, undergoes extensive modifications as spermatozoa travel from the caput to the cauda region of the epididymis. Although details of these modifications are not fully understood, lectin binding studies provide evidence suggesting that sugar moieties of sperm PM glycoproteins are extensively modified as spermatozoa pass through the epididymis [3] [4] [5] [6] . For instance, peanut agglutinin (PNA), a lectin known to preferentially bind to the terminal galactosyl residue of Gal,81,3GalNAc-linkage found in 0-linked glycoproteins, binds glycoproteins from the rat proximal caput (but not cauda) sperm PM [7] . The apparent loss of PNA affinity could either be due to masking of galactosyl residues, possibly by the addition of other sugar residue(s) by the luminal fluid glycosyltransferases [8] , or the cleavage of terminal galactosyl residue(s) by the luminal fluid fl-D-galactosidase [9] . This enzyme has recently been shown by us to be an acid 8l-D-galactosidase which optimally hydrolyses synthetic p-nitrophenyl f-D-galactoside at an acidic pH (3.5) and a glycoprotein substrate at neutral pH [9] . Competition studies have provided evidence indicating that the epididymal luminal fluid 8-D-galactosidase activity is capable of cleaving a variety of linkages found in 0-and N-linked oligosaccharides. Subsequent studies, using the Western blotting approach, have revealed that the rat epididymal luminal fluid fl-D-galactosidase exists in two molecular forms, a 97 kDa and an 84 kDa form [10] . The purpose of the studies presented in this report is to: (a) purify and chemically characterize each of the two forms of f-Dgalactosidase activity from rat epididymal luminal fluid; and (b) use homogeneous preparations of the enzyme to examine mechanism(s) for the apparent loss of galactosyl residues from sperm surface glycoprotein(s) during the sperm maturation. The evidence presented in this report suggests a role for the luminal fluid f-D-galactosidase in modification of the sperm PM glycoproteins.
MATERIALS AND METHODS Materials
Male Sprague-Dawley retired breeder rats (Sasco, Omaha, NE, U.S.A.) were kept in our animal facility for at least 3 days before an experiment. UDP [4,5- and BSA (A 3803) were from Sigma (St. Louis, MO, U.S.A.); biotinylated-PNA was from EY Laboratories (San Mateo, CA, U.S.A.); Vectastain reagents (Vectastain ABC Kits PK 4000 and PK 4005) were from Vector Laboratories (Burlingame, CA, U.S.A.). Asialoagalactofetuin and asialoagalacto-ovomucoid were prepared by our published procedure [11] . All other reagents were obtained commercially and were of the highest purity available. Centricon 10 microconcentrator (10000 kDa molecular mass cut-oft) was from Amicon (Beverly, MA, U.S.A.). Antibody to mouse liver f-D-galactosidase, prepared in goat [12] , has been previously shown to cross-react with the acid fl-D-galactosidase of rat epididymal luminal fluid [9, 10] . Dulbecco's phosphate-buffered saline (10-fold concentrated, Gibco-BRL, Grand Island, NY, U.S.A.) was diluted 10-fold in glass-distilled water while the pH was adjusted to 7.4 to make a working PBS solution.
Preparation of epididymal luminal fluid
For enzyme purification, the luminal fluid was prepared as previously described [13] . In brief, epididymides from 11-12 rats (free of fat-pad, blood vessels and connective tissue) were cut with a sharp razor blade into approx. 1 mm3 pieces in PBS. The tissue pieces in PBS were gently shaken at room temperature to release spermatozoa and luminal fluid. The minced tissue was filtered through eight layers of cheesecloth (to remove tissue pieces) and the cheesecloth was washed with the above PBS solution. The pooled supernatant was centrifuged for 10 min at 600 g. The cloudy supernatant was removed by aspiration (approx. 50 ml), and stored, frozen at -20°C until ready to be used for enzyme purification.
Preparation of caput and cauda sperm PMs
The salt-washed PM-rich fraction from caput and cauda spermatozoa was prepared according to our published procedures [14] . In brief, the spermatozoa were disrupted by nitrogen cavitation in a Parr Disruption Bomb No. 4635 (Parr Instrument, Moline, IL, U.S.A.), and the released PMs purified by discontinuous sucrose density gradient centrifugation [14] .
Preparation of [3H]Gal-labelled fetuin and ovomucold substrates [3H]Galactose was incorporated into 20 mg of asialoagalactofetuin or -ovomucoid essentially as described [9] . Briefly, the asialoagalactofetuin or asialoagalacto-ovomucoid was mixed with 10 ,uCi of UDP[3H]Gal and 0.5 unit of bovine milk galactosyltransferase in a total volume of 0.3 ml containing 100 mM sodium cacodylate buffer, pH 7.0, 40 mM 2-mercaptoethanol, 10 mM MnCl2, and 2 mM ATP. The reaction mixture was incubated at 37 IC for 24 h under two drops of toluene. Following the reaction, the mixture was kept at 60°C for 30 min to inactivate the galactosyltransferase. The sample was washed by precipitating with 10% trichloroacetic acid and then in ethanol/ether (1: 1, v/v) as previously described [9] . The [3H]Gallabelled glycoproteins were dried under nitrogen, suspended in 2 M NH40H and neutralized with acetic acid. The neutralized sample was exhaustively dialysed at 4°C for 48 h, divided into small aliquots and stored frozen at -20 'C.
Analytical SDS/PAGE
The purified 8-D-galactosidases or sperm PM-enriched fractions were analysed by the SDS/PAGE system of Laemmli carried out under reducing conditions [15] . Polypeptides separated as above were identified either by staining with Coomassie Brilliant Blue (CBB) or silver nitrate according to the method of Merril et al. [16] .
Western blot analysis
The polypeptides separated by SDS/PAGE were electrophoretically transferred to a nitrocellulose membrane according to the method of Towbin et al. [17] as described before [10] . After the transfer, resolved polypeptides were identified by their ability to bind either the lectin (PNA) or the primary antibody (immunodetection). For the detection of PNA-binding sites, the nitrocellulose membrane was processed sequentially as follows. The membrane was equilibrated for 15 min in 50 mM Tris/HCl buffer, pH 7.5, containing 0.15 M NaCl, 10 mM CaCl2 and 0.1 % Tween-20. The membrane was incubated for 2 h in the above buffer containing 1 % BSA, to block non-specific binding sites. After washing once in the above buffer, the nitrocellulose membrane was incubated with biotinylated-PNA (10 1dl/ml) for 2 h followed by washing extensively in the above buffer containing 0.1 % BSA, and then two times in the buffer alone. The washed membrane was incubated for 1 h in Vectastain reagent (Vectastain ABC Kit PK 4000, Vector Laboratories) and washed five times in Tris/HCl buffer alone. The lectin-binding sites were visualized by staining with diaminobenzidine solution (2.4 mM) in the above Tris/HCl buffer. The reaction was stopped by rinsing the membrane in distilled water. Goat anti-mouse liver f,-D-galactosidase antibody was used as the primary antibody for the immunodetection of the 84 and the 97 kDa molecular forms by the procedure described previously [10] using biotinylated secondary antibody (Vectastain ABC kit, 4005).
Densitometry
The lectin blot was photographed, and each lane from the print was scanned using a Microtek Image Scanner (ScanMakerB IIXE). The resulting image was digitized into an Apple Macintosh Ilci computer, and the relative density was traced using the NIH image program (version 1.33f) as previously described [18] . [17] . The polypeptide transblotted to the membrane was stained using CBB, then destained in 50 The clear supernatant obtained after dialysis and high speed centrifugation of rat epididymal luminal fluid (see the Materials and methods section) was applied to a DE-52 column (1 cm x 22 cm) equilibrated with buffer A. After the column was washed with buffer A, it was eluted with a linear NaCI gradient. The enzyme activities separated into effluent (peak 1) and NaCI-eluted (peak 11) fractions. Other details are described in the Materials and methods section. 10 4u1 toluene as described before [18] . Endo-,/-galactosidase Rat caput sperm PMs suspended in 100 mM sodium cacodylate buffer were heat treated (80 'C for 1 h) to inactivate endogenous f-D-galactosidase and proteases. Aliquots containing 75 ,tg of membrane proteins were mixed with the purified enzyme (4 units of97 kDa form) and 10 ,ul toluene, and the mixture was incubated at 37 'C. Additional enzyme (4 units) was added after incubation for 4 h and 8 h, and the incubation continued for 12 h. The reaction was stopped by heat treatment at 80 'C for 10 min and the samples processed for SDS/PAGE as described above.
Enzyme assays Unless otherwise indicated, PNP ,-D-galactosidase (PNP galactosidase) activity was assayed by measuring the release of pnitrophenol in a standard incubation mixture (0.5 ml) containing 5 mM substrate, enzyme, and 100 mM sodium citrate buffer, pH 3.5, as described before [19] . After incubation at 37 'C for the desired time, the reaction was stopped by the addition of 1.0 ml of alkaline buffer containing 0.133 M glycine, 0.083 M Na2CO3 and 0.067 M NaCl, pH 10.7. The released p-nitrophenol was quantified by measuring the absorbance at 400 nm. Enzyme and substrate blanks were run in all assays. One unit was the amount of enzyme which catalysed the release of 1 ,umol of pnitrophenol/h.
[3H]Gal-,f-D-galactosidase activity was assayed by measuring the hydrolysis of [3H]Gal-labelled fetuin or ovomucoid (approx. 5000 c.p.m.) in a standard incubation mixture (0.1 ml) by our published procedure [9] . The cleaved [3H]galactose was separated from the protein as previously described [9] and the radioactivity measured by liquid scintillation spectroscopy, the counting efficiency of which was 48% for tritium. Substrate blanks incubated under similar assay conditions showed little (< 0.2 %) release of total radioactivity as free [3H]Gal. One unit was the amount of enzyme that cleaved 5 % of the added substrate/h.
Carbohydrate analysis
Total carbohydrate in unhydrolysed enzyme samples was assayed by the phenol/sulphuric acid method [20] , scaled down 4-fold with mannose as standard. Sialic acid was assayed by the procedure of Warren [21] as described previously [22] . Briefly, the purified forms of 8-D-galactosidase (50-70,ug of enzyme protein) were hydrolysed in 0.05 M H2SO4 for 1 h at 80 'C. Standard N-acetylneuraminic acid was subjected to the same acid treatment. The released sialic acid was quantified by the thiobarbituric acid method [21] .
Protein was measured by the colorimetric method of Bio-Rad according to the manufacturer's instructions with BSA as standard.
Purfficatlon of epididymal fluid p-o-galactosidases Unless otherwise indicated, all purification steps were carried out at 0-4 'C. The following buffers were used throughout the purification scheme: buffer A, pH 7.0 (10 mM Tris/HCl buffer); buffer B, pH 4.0 (25 mM sodium acetate buffer containing 100 mM NaCl); buffer C, pH 4.3 (20 mM potassium phosphate/ citrate buffer containing 100 mM NaCl); buffer D, pH 4.3 (same as buffer C but containing 7 M urea).
Step 1: separation of two forms of fl-D-galactosidases by DE-52 column chromatography The frozen epididymal fluid (approx. 50 ml) prepared from 11-12 rats (see above) was thawed at room temperature, and the slightly turbid fluid was dialysed against 50 vol. of buffer A for 6 h with four changes of the buffer. After dialysis, the sample was subjected to high-speed centrifugation (105000 g for 30 The enzyme present in the pooled fractions of peak and peak 11 ( Figure 1 ) was precipitated with (NH4)2S04 and the precipitated enzyme was collected by high-speed centrifugation. The residue from peak and peak 11 was suspended in 3 ml of buffer B and the suspension was centrifuged at 105000 9 for 30 min. buffer A. The column was eluted with buffer A at a flow rate of 15 ml/h until the absorbance at 280 nm was negligible. The column was then eluted with 100 ml of a linear NaCl gradient (0-0.4 M) in buffer A. Fractions (2 ml) were collected at a flow rate of 15 ml/h. Aliquots from the alternate fractions of effluent and salt-gradient eluted fractions were checked for PNP galactosidase activity. The enzyme activity separated into two peaks as shown in Figure 1 . The enzyme-rich fractions from peak I and peak II were pooled separately and used for further purification.
Step 2: molecular-sieve column chromatography
The 8-D-galactosidase activity from the pooled fractions of Peak I and Peak II (Figure 1 ) was precipitated by adding solid (NH4)2SO4 to achieve 70 % saturation. The samples were kept on ice for 15-30 min, and the precipitated enzyme was collected by high-speed centrifugation (105000 g for 30 min). The precipitated enzyme from the Peak I and Peak II fractions was suspended in 2.5-3.0 ml of buffer B and the suspension was centrifuged at 105000 g for 30 min. The clear supernatant was removed by aspiration and resolved by gel filtration on a column of Bio-Rad A 0.5 m (1.5 cm x 87 cm) equilibrated with buffer B. Other details are in the legend to Figure 2 . The enzyme-rich fractions from Figures 2(a) and 2(b) were pooled, and dialysed against 50 vol. of buffer C for 6 h with three changes.
Step 3: affinity column chromatography
The dialysed samples from Step 2 were separately applied to an immobilized p-aminophenyl f-D-thiogalactopyranoside column (1 cm x 14 cm) equilibrated with buffer C. The sample was applied at a flow rate of 4-5 ml/h followed by washing with buffer C. After the column had been washed with 60-70 ml of buffer C, it was eluted with buffer D. Fractions (3 ml) were collected at a flow rate of 6 ml/h. The enzyme activity routinely eluted in fractions 5-10. The enzymatically active fractions were pooled and concentrated to 0.4 ml using a microconcentrator. The concentrated enzyme was dialysed against buffer A containing 0.1 M NaCl and 0.02 % sodium azide, then stored at 0-4 'C.
Data obtained from a typical purification experiment are presented in Table 1 . The two molecular forms of f-D-galactosidase were purified nearly 170-fold with a recovery of 9-10%.
RESULTS

Puriflcation of fl-D-galactosidases
Rat epididymal fluid was separated by ion-exchange chromato- Luminal fluid fl-D-galactosidases 45 band as revealed by silver staining (Figure 3 ). Apparent molecular masses of 84 kDa (lane 1) and 97 kDa (lane 2) were estimated via extrapolation from the relative mobility (R,) versus log molecular mass curve of the standards shown in Figure 3 . The 84 kDa form was virtually free of the 97 kDa form. However, the latter isoform appeared to contain a small amount of the 84 kDa form. The 97 kDa value reported here was calculated using the midpoint of the high molecular mass band rather than the broad band shown in lane 2.
66-45-1 2 Figure 3 Electrophoretic behaviour of the purifed f8-D-galactosidase
The purified, concentrated enzyme after affinity column chromatography was resolved by SDS/PAGE. The electrophoresis was performed using 5-10% linear gradients of acrylamide with the SDS system (reducing conditions) of Laemmli [15] as previously described [8] .
Following electrophoresis, gels were stained for protein using silver nitrate as described in the The fl-D-galactosidase activity present in the epididymal luminal fluid was found to optimally cleave PNP fl-D-galactoside at an acidic pH of 3.5, and [3H]Gal-fetuin at a nearly neutral pH of 6.4-6.8 [9] . The separation of /J-D-galactosidase activity into two molecular forms raised the possibility that these isoforms may have different substrate preferences. It was therefore important to determine the pH-dependent substrate preference for the two isoforms. The effect of pH on PNP galactosidase and [3H]Gal galactosidase activities has been presented in Figure 4 . It was obvious that the two forms had similar pH-dependent substrate preferences. Both forms showed maximum hydrolysis of the PNP ,-D-galactoside substrate at an acidic pH of 3.5, and less than 10 % of the substrate was cleaved at pH 6.5 and higher. In contrast, the [3H]Gal-fetuin was maximally cleaved between pH 6.4 and 6.8. The [3H]Gal-ovomucoid substrate was optimally cleaved by the two forms at a pH slightly lower than that for [3H]Gal-fetuin (Figure 4) . Nonetheless, the two forms of fl-Dgalactosidase had a similar pH-dependent substrate preference.
The substrate concentration studies using PNP galactoside generated a linear double-reciprocal plot for the two forms with an apparent Km of 0.34 for the purified 84 kDa and 97 kDa forms. This value was quite similar to the value of 0.52 mM obtained with the crude luminal fluid 8-D-galactosidase [9] . In a previous report [9] we presented evidence indicating that rat epididymal /1-D-galactosidase existed in dissociated forms under neutral-conditions and in associated forms under acidic conditions. In the present study, we found that both molecular forms eluted from the gel filtration column as tetramers under acidic conditions. A detailed study carried out to examine pHdependent association/dissociation of the 97 kDa form of /3-Dgalactosidase is shown in Figure 5 . The purified enzyme existed in associated forms under acidic conditions (pH 4.0-5.6) and dissociated forms in less acidic (pH 6.2) and neutral (pH 6.8 and 7.4) conditions.
Amino acid sequence analysis Results of N-terminal amino acid sequence analysis presented in Table 2 have shown an identical amino acid sequence for the two molecular forms. In data base searches of the terminal sequences, a significant similarity (residue identity 63 %) was found with mouse 8-D-galactosidase precursor [23] . 
Carbohydrate analysis
The appearance of the two enzymes as broad bands in Figure 3 suggests to us that the two molecular forms are glycosylated.
Results of carbohydrate analysis presented in Table 3 show that the 97 kDa form contains twice as much total sugars, and nearly three times higher sialic acid as the 84 kDa isoform. The observed difference reflects differential glycosylation of the two molecular forms (also see below).
Asparagine N-linked glycans of /I-D-galactosidases
In this study we [25] . The enzyme has been reported in all mammalian tissues examined [26] , including male reproductive tissues [27] . Recently, we have reported that the /3-D-galactosidase activity present in luminal fluid exists in dissociated form and is optimally active towards a glycoprotein ([3H]Gal-fetuin) substrate at the pH of the epididymal lumen [9] . Subsequently, we showed that the luminal fluid f-D-galactosidase exists in two molecular forms, a 97 kDa form and an 84 kDa form [10] . Since spermatozoa in the epididymis are in contact with luminal fluid, we proposed that f8-D-galactosidase may degalactosylate sperm PM glycoproteins [9] . In this report, we have separated and purified the two molecular forms, and, attempted to: (1) further characterize purified forms of rat epididymal fluid /)-D-galactosidase activity, and (2) examine the potential role of the purified enzymes in modification of sperm surface glycoproteins.
The presence of two forms raised the possibility that, although immunologically similar [10] Despite similarities, the two isoforms were significantly different in total carbohydrate content. The observed differences could be accounted for by the presence of varying amounts of high mannose/hybrid-type and complex-type glycans. This difference in the N-linked oligosaccharide chains, as expected, had no detectable effect on the catalytic properties of the two isoforms.
We have previously reported [9] that the unpurified epididymal luminal fluid 8-D-galactosidase, like f-D-galactosidases from other tissues [28] [29] [30] , undergoes pH-dependent association/ dissociation. Data have suggested that in the epididymal lumen, where the pH is reported to be 6.6-6.8 [31] , the enzyme is present in dissociated (monomeric/dimeric) forms and is therefore maximally active towards glycoprotein substrate. In this report we have confirmed the pH-dependent substrate preference and pHdependent association/dissociation using the purified fl-Dgalactosidase and shown that dissociation occurs at pH 6.2 and higher. It In human fibroblasts [32] and rat epididymal epithelial cells [33] , the acid fl-D-galactosidase is synthesized in an 84-85 kDa precursor form which is processed via intermediates into a mature form of an apparent molecular mass of 63-64 kDa. Similarly, precursor forms (82-84 kDa forms) are processed to a mature enzyme (63 kDa) secreted by the mouse macrophages [34] . In lysosomes, it has been reported that a 'protective protein' interacts with 8-D-galactosidase monomers affecting their multimerization into a high-molecular-mass aggregate of 600-800 kDa [35] . We have obtained no evidence for the presence of high molecular mass aggregates or the presence of a protective protein of 32-40 kDa observed by others in several tissues [35] . Furthermore, the apparent molecular mass of luminal fluid acid /,-D-galactosidase monomers (84 kDa and 97 kDa) and de-Nglycosylated monomers (70 kDa) is significantly higher than the low levels of the monomer (63 kDa) form of the enzyme present in the rat epididymal luminal fluid [9] , and secreted from the human fibroblasts [32] , rat epididymal epithelial cells [33] , and mouse macrophages [34] . Whether the 63 kDa form is a normal physiological product is not yet known. Nonetheless, these differences indicate that the 97 kDa and 84 kDa forms secreted in the luminal fluid are chemically different from the 63 kDa form of the acid Rl-D-galactosidase.
Spermatozoa from proximal regions of the epididymis are unable to bind to zona pellucida, an extracellular glycocalyx which surrounds the egg PM, and fertilize the egg [2] . The fertilizing ability is acquired as the sperm plasma membrane undergoes biochemical modifications in the distal corpus and cauda epididymidis. Although all details of these modifications
are not yet known, there is growing evidence that sperm surface glycoproteins are modified during sperm maturation [3] [4] [5] [6] [7] [8] 36] . Two sets of glycoprotein-modifying enzymes, namely glycosyltransferases and glycohydrolases, present in high concentration in the luminal fluid, are believed to be involved in the glycosylation/deglycosylation of sperm surface glycoproteins [8, 25] . The former enzymes are considered synthetic enzymes as they modify existing glycoproteins by adding sugar residue(s) from the nucleotide sugar (sugar donor) to the sugar acceptor glycoproteins [37, 38] and the latter enzymes are considered degradative as they modify existing glycoproteins by cleaving terminal sugar residue(s). Acid /J-D-galactosidase activities described here will be expected to modify the existing glycoproteins by cleaving terminal ,G-D-galactosidase residues (degalactosylation).
A recent report from another laboratory has presented evidence suggesting that the caput sperm PM glycoprotein(s) may be degalactosylated as spermatozoa transit from caput to cauda epididymidis [7] . Since the reported modification of the caput sperm surface glycoproteins may be important for developing functionally mature spermatozoa, it was important to determine whether the degalactosylation is caused by the luminal fluid fJ-Dgalactosidases. Treatment of the caput sperm PM in vitro with the purified fl-D-galactosidase resulted in a gradual and preferential disappearance (degalactosylation) of a 135-150 kDa PNA-reactive band. Other PNA-positive glycoproteins decreased also with increased time of treatment but not to the same extent as the 135-150 kDa band which virtually disappeared after 12 h of treatment. It should be noted that only the 97 kDa isoform was used for digestion of caput sperm PMs in vitro. This molecular form was chosen primarily because it is present in the fluid from different regions of epididymis [10] . Moreover, since the two forms were catalytically very similar, it was reasonable to assume that the digestion of caput sperm plasma PMs in vitro with the 84 kDa form would give results similar to those reported with the 97 kDa form.
We do not know at the present time whether the removal of galactosyl residue(s) from the 135-150 kDa glycoprotein ofcaput sperm plasma membrane is physiologically significant. It will be interesting to chemically characterize the glycoprotein and examine its localization and function. Nonetheless, this study demonstrates that purified luminal fluid f-D-galactosidase can modify caput sperm plasma membrane glycoprotein(s). These data are consistent with the proposed role for the ,8-D-galactosidase in modification of sperm surface glycoprotein(s) during maturation.
